With the ever increasing trend of using cross-section imaging in today's era, incidental detection of small solid renal masses has dramatically multiplied. Coincidentally, the number of asymptomatic benign lesions being detected has also increased. The role of radiologists is not only to identify these lesions, but also go a one step further and accurately characterize various renal masses. Earlier detection of small renal cell carcinomas means identifying at the initial stage which has an impact on prognosis, patient management and healthcare costs. In this review article we share our experience with the typical and atypical solid renal masses encountered in adults in routine daily practice.
Introduction
The diagnosis of renal masses has increased in the last decades owing to the widespread use of computed tomography (CT) and magnetic resonance imaging (MRI). Renal cell carcinoma (RCC) accounts for 3% of all adult cancer and 85% of all kidney tumors. [1] Based on the data from developed countries, RCC is considered to be the malignancy of [6] [7] th decade of life, however, data from India shows that it affects at a younger age. [2] Benign tumors account for 15-20% of all solid renal cortical tumors, and renal oncocytoma is the most common solid tumor type. [3] Renal masses are divided into solid, cystic, and complex cystic lesions. On imaging, 85% of expansive bean-type solid masses are malignant. [4] Therefore, a solid, enhancing mass must be considered malignant unless proven otherwise. Moreover, one should be aware of less common neoplasms such asmesenchymal renal tumors and various renal pseudotumors that can be seen on imaging.
Imaging
Majority of the renal masses are detected incidentally on routine ultrasound examination. Fortunately, most of these lesions are simple cortical cysts and do not require further radiological investigation. Ultrasound, as a diagnostic tool, is helpful to triage renal lesions which will require further imaging workup.It is useful in distinguishing cysts from hypovascular solid tumors seen on CT and it also reveals septations better in cases of complexcystic lesions. Ultrasound is also useful for assessing the presence and extent of venous thrombus by the application of Doppler. Recently, contrast-enhanced ultrasound (CEU) has also shown promising results in differentiating various subtypes of RCC and benign lesions such asangiomyolipomas (AML) and oncocytomas. [5, 6] The major advantage is that it can be safely used in patients with renal insufficiency. [7] The role of PET in renal masses is in staging, detection of metastases, and for follow-up. [8] Solid and complex cystic masses detected on ultrasound require further imaging evaluation with CT and/or MRI for proper characterization.
Four phase, i.e., unenhanced, corticomedullary (20-40 seconds) , nephrographic (80-90 seconds) and excretory phase (180-300 seconds) contrast-enhanced CT scan is recommended for detailed evaluation and characterization of renal masses. Unenhanced images of the kidneys allow the detection of calcification or fat. On contrast-enhanced CT, enhancement is considered significant if it is more than +15HU. If the enhancement is between 10-15 HU, the mass is indeterminate. Tumors that do not meet the criteria of a typical carcinoma or AMLare said to be indeterminate. [9] Dual energy multiple detector (MDCT) is a promising recent advancement for imaging in renal masses particularly in cases where renal protocol has not been followed and in renal cysts showing pseudoenhancement. [10] Dual-energy CT (DECT) is being increasingly used for the characterization of renal masses because of its incremental benefit of material characterization without significant increase in radiation dose. The ability to selectively identify iodine containing image voxels from contrast-enhanced dual-energy scans using material decomposition algorithm has enabled characterization of renal lesions from single contrast-enhanced phase of examination without the need for an unenhanced phase. [11] This is especially helpful in characterizing incidentally detected renal lesions, which could avoid the need for repeat imaging with a dedicated renal mass protocol, thus saving radiation dose to the patient and the need for repeat contrast administration. Moreover, the degree of enhancement can be quantified by measuring the density of iodine density within the lesions. Using dual-source DECT, an iodine density threshold of 0.5 mg/mL has been reported to have sensitivity and specificity of 100%and 97.7%for distinguishing enhancing from non-enhancing lesions. [12] Tumor iodine concentration of 0.9 mg/mL has been reported to represent an optimal threshold to discriminate between clear cell and papillary renal cell cancers. [13] MRI is used when optimal CT cannot be performed, as in the case of a severe allergy to iodinated contrast medium or pregnancy. MRI may serve as a useful tool for the characterization of renal masses becausefew of the renal masses can have distinct features at MR imaging, which will be discussed in relevant sections. [14] Renal masses with borderline enhancement on CT should be further evaluated with MRI or contrast-enhanced ultrasound. The role of diffusion-weighted MRI as a biomarker for evaluation of benign and malignant renal tumors, different subtypes of RCC, and histological grades is under evaluation. [15] The Ball versus the Bean In 2006, David S. Hartman and Pablo R. Ros from the Armed Forces Institute of Pathology designed a strategy for the evaluation of renal masses and developed a concept known as ball-type or bean-type renal masses depending upon the growth pattern. [16] [17] [18] The ball-type renal masses are more common. The ball-type lesion typically deforms the renal contour, producing a hump or contour bulge. Collecting system elements are displaced. These masses are better seen on nephrographic phase becausethey are more conspicuous against the background of normally enhancing renal parenchyma. The bean-type lesions use the renal tissue as scaffolding for their growth, thus causing enlargement of the kidney, while maintaining its reniform (bean) shape. The bean-type masses are invisible on unenhanced images and are best appreciated on nephrographic and excretory phase images. Collecting system elements are destroyed by the bean-type masses [ Figure 1] . [16] The list of ball and bean type renal masses is detailed in Table 1 .
Renal Cell Carcinoma
RCC is the eighth most common malignancy affecting the adults; the seventh most common cancer in men and the ninth most common in women. [19, 20] RCC is the most common tumor to involve the kidneys and accounts for 80-90% of primary malignant renal neoplasms in adults. According to the latest 2004 World Health Organisation (WHO) classification, RCC is classified into various subtypes, as detailed in Table 2 . [22, 23] Clear cell RCC has a worse prognosis when compared with chromophobe or papillary subtypes.The MR imaging features of clear cell type RCC varies depending on the presence of cystic, hemorrhage, and necrotic components. Loss of signal intensity within the solid portions of clear cell RCCs on opposed phase images is due to cytoplasmic fat and has been observed in up to 60% of these tumors. [24] Papillary RCC -Papillary subtype accounts for 15% of RCC. [19] Papillary tumors are divided into two subtypes. Type I occurs sporadically and metastasizes somewhat later whereas Type II variety is inherited, may be multiple, and often presents with a higher histological grade. [19] On imaging, papillary RCCs are hypovascular [ Figure 9 ]. Various studies have shown that tumor-to-aorta and tumor-to-kidney ratios in the arterial and delayed phases are lower in papillary subtype. Herts et al. suggested that the strongest predictor of a papillary RCC was a tumor-to-kidney attenuation ratio of less than 0.25 in the arterial phase and the excretory phase. [25] Papillary RCCs appear as well-encapsulated masses with homogeneous low signal intensity on T2-weighted images and homogeneous low-level enhancement after the intravenous administration of contrast material, or as cystic hemorrhagic masses with peripheral enhancing papillary projections. [24] Chromophobe RCC -This subtype accounts for 5% of RCC and has the best prognosis. The tumor cells arise from the cortical collecting duct epithelium. Calcification is more common in this subtype according to a previous study. [26] On imaging, these tumors are hypovascular and show homogeneous enhancement may show central scar or necrosis [ Figure 10 ]. The enhancement characteristics fall in between those of clear cell and papillary RCC. [7] Raman et al. in their study showed that the tumor-to-cortex ratios Mucinous tubular and spindle cell carcinoma [21] Renal cell carcinoma unclassified for chromophobe RCCs were 0.59, 0.48, and 0.50 in the corticomedullary, nephrographic, and excretory phases, respectively. [27] Carcinoma of the collecting ducts (CDC) of Bellini -This subtype accounts for <1% of RCC. [28] Mean patient age is 55 years with a slight male predominance. On imaging, medullary location, weak, and heterogeneous enhancement, infiltrative pattern of growth is identified. [28] Renal medullary carcinoma -It is a rapidly growing, aggressive subtype of RCC seen in young male blacks of African ethnicity with sickle cell trait. It has also been described as an aggressive variant of CDC. Metastasis may be evident at the initial presentation and the prognosis is poor [ Figure 11 ]. [4] Notably, this tumor mostly develops on the right side of the body. [29] On imaging, this tumor presents as an infiltrative necrotic renal mass, with caliectasis and regional lymphadenopathy, usually on the right side. [30] Renal carcinoma associated with Xp11.2 translocations/TFE3 gene fusions -This carcinoma predominantly affects children and young adults. On histopathological examination, it mimics like a papillary carcinoma with clear cells and cells with granular eosinophilic cytoplasm. On imaging, large size, cystic changes, calcification, high-attenuating areas on unenhanced scans, aggressive behaviour of lymph node, and distant metastasis favor this subtype of RCC, especially in a young female patient. [31, 32] Multilocular cystic renal cell carcinoma (MCRCC) -This tumor has an excellent prognosis. It has a male predominance seen in 2-7 th decade of life. On imaging, it is entirely composed of cysts of variable size separated from the kidney by a fibrous capsule [ Figures 12 and 13 ]. The imaging spectrum may range from Bosniak IIF to Bosniak IV cystic lesion. However, the most common imaging appearance is Bosniak III complex cystic lesion. They cannot be distinguished from other complex cystic renal lesions by imaging. Their final diagnosis is made by histopathological analysis after surgical resection. The differential diagnosis of MCRCC is cystic nephroma, cystic clear cell RCC, clear cell variant of papillary RCC, cystic necrosis in RCC, and tubulocystic carcinoma. [33] 
Oncocytoma
Oncocytoma is a benign renal epithelial neoplasm derived from intercalated cells. It is the most common, benign, solid, nonfat-containing renal mass. It accounts for approximately3-7% of all renal cortical neoplasms. Threepathological subtypes are seen, namely, organoid, tubulocystic, and mixed pattern. [34] Typical imaging findings of renal oncocytoma are homogeneous hypervascular mass with subsequent washout in the delayed phase with or without a central scar. A central scar is a characteristic finding, especially in a large oncocytoma [ Figure 14 ]. In many cases, renal oncocytomas cannot be accurately distinguished RCC. [35] Various enhancement patterns have been described in renal oncocytomas. Kim et al. [36] have postulated that segmental enhancement inversion on the corticomedullary and early excretory phase is a characteristic enhancement pattern in small (<4cm) oncocytoma. Segmental enhancement inversion is a defined as two distinct zones of enhancement, which show inverse patterns between the corticomedullary (30-40 s) and early excretory (120-180 s) phases in which one zone is hyperenhancing on the corticomedullary phase, which subsequently becomes hypoenhancing on the early excretory phase. The other zone is hypoenhancing on the corticomedullary phase and becomes hyperenhancing on the early excretory phase [ Figure 15 ]. McGahan et al. [37] described that the most common feature of small oncocytoma (<4 cm) is a heterogeneous enhancing mass that becomes homogeneous on the delayed phase.
Cystic change and haemorrhage in renal oncocytomas ranges 5-20%. [38] Calcification is uncommon, but when present, may be seen within the central scar. Rarely, oncocytomas can present as a multilocular cystic mass. Telangiectatic variant has also been described, which is histologically characterized by multicystic spaces filled with blood products. [39] Coexisting RCC is not rare in patients with oncocytoma with a reported incidence up to 10%. [40] Coexisting RCC may present as an incidental microscopic finding as a hybrid tumor or as a separate mass in the ipsilateral or contralateral kidney. Hybrid tumors consisting of oncocytoma and chromophobe RCC components have also been described in the literature and the differentiation is extremely difficult on imaging. Oncocytomas are multifocal in 2.5-16% of cases and bilateral in 4-12%. [41] Multifocal oncocytomas can be either sporadic or syndromic as seen in Birt-Hogg-Dube syndrome andtuberous sclerosis. Renal oncocytosis is a recently established disease entity defined as diffuse replacement of the renal parenchyma by numerous oncocytic tumors, such as hybrid tumors, chromophobe RCCs, renal oncocytomas, and oncocytic renal parenchyma. [35, 42] Oncocytoma has a variable and nonspecific appearance onMRI. The central scar if present shows low signal intensity on T1-weighted images and high signal intensity on T2-weighted images with delayed enhancement. [14, 43] Sun et al. [44] in their series of 152 patients with solid renal masses concluded that allmassesfound to contain macroscopic fat with or without hemorrhage were considered to be benign. The remaining masses (without macroscopic fat) found not to contain hemorrhage were considered to be benign. Only those found to contain hemorrhage alone were considered to be malignant. By combining the results for the macroscopic fat and hemorrhage, the accuracy, sensitivity, and specificity in the differential diagnosis of the benign and malignant masses in their study was 96.05%, 95.19%, and 97.92%, respectively. Davarpanah et al. [45] concluded that homogeneous T1 hyperintense renal lesion with a smooth border and signal intensity of at least 2.5 times higher than the surrounding renal parenchyma has a greater than 99.9% chance of representing a benign hemorrhagic or proteinaceous cyst. Familial syndromes and their association with different types of renal masses are enlisted in Table 3 .
Lymphoma
Renal lymphoma has a variable imaging spectrum and may mimic RCC. Lymphomatous involvement of kidneys may be classified as primary renal lymphoma (PRL) and secondary renal lymphoma (SRL). Secondary lymphomatous renal involvement is more common. PRL is exceedingly rare, accounting for less than 1% of extranodal lymphomas. [46] PRL should be diagnosed only in the following situations: disease localized to the kidney, presentation with renal failure in the absence of other causes of renal impairment, rapid improvement of renal function after treatment of lymphoma, or diagnosis confirmed by biopsy. [47] Most common type is nonHodgkin lymphoma, usually the B-cell type.
On imaging, renal lymphoma has a wide variety of manifestations -solitary or multiple lesions, direct extension from retroperitoneal adenopathy, preferential involvement of the perinephric space, and diffuse infiltration of one or both kidneys [ Figures 16-19 ]. Lymphomatous deposits enhance less than the normal renal tissue and appear as relatively homogeneous masses with lower attenuation than that of the surrounding cortex. [48] Rarely, PRL can Clear cell RCC present as a mass predominantly involving the renal sinus. PRL rarely invade the renal vein and inferior vena cava differentiating it from RCC. On MRI, lymphomatous masses are usually hypointense relative to the renal cortex on T2-weighted images and enhance minimally on delayed gadolinium-enhanced images. [6] Hematoma, sarcoma, extramedullary hematopoiesis, and metastases are the main differential diagnoses for perinephric masses. Infection, leukemia, collecting duct, or medullary carcinoma may present with bilateral nephromegaly. [49] Angiomyolipoma AML is the most common benign solid renal neoplasm observed in clinical practice and belongs to the family of newly classified tumours known as perivascular epithelioid cell differentiation also known as "PEComa." Radiologically, AMLs are classified into sporadic or syndromic. In sporadic variety, various subtypes such astriphasic, classic, fat poor AML, hyperattenuating AML, isoattenuating AML, AML with epithelial cysts, and epithelioid AML are seen. Syndromic AMLs are seen in tuberous sclerosis and lymphangioleiomyomatosis. [50] Triphasic AML -It occurs sporadically in less than 0.2% of the population with a female predilection in the 4-6 th decade of life. It is a benign mesenchymal tumor composed of dysmorphic blood vessels, smooth muscle components, and mature adipose tissue. Triphasic AML is further subdivided radiologically into classic and fat poor subtypes. [51] Classical AML is characterized by the presence of fat. On ultrasound, classic AML is hyperechoic due to the presence of fat. The presence of anechoic rim, intratumoral cysts, or acoustic shadowing can be present in both AML and RCC, and therefore, this modality cannot reliably differentiate both. [52, 53] On CT and MRI, presence of fat is diagnostic [ Figure 20 ]. Intratumoral hemorrhage may occur, particularly in tumors larger than 4 cm, and make the diagnosis of AML confusing and may mimic a RCC. The presence of enlarged or bridging vessels, aneurysms, and perinephric hematomas are additional imaging features of AML. Calcification is uncommon in AML. [54] Fat poor AML are also known as "AMLwith minimal fat"or "lipid-poor AML." Fat poor AMLs are divided into three subtypes-hyperattenuating, isoattenuating AML, and AMLwith epithelial cysts.
Hyperattenuating AMLrepresent approximately 4-5% of all AML. [55] They are typically small than 3 cm in diameter. On imaging, these lesions are homogeneously isoechoic on ultrasound, hyperattenuating (>45 HU) on unenhanced CT, and hypointense on T1and T2-weighted MRI. Post contrast, these lesions shoe homogeneous enhancement. The differentials of a hyperattenuating renal mass are RCC, hyperattenuating AML, and oncocytoma. Isoattenuating AMLs show attenuation of − 10 to 45HU on unenhanced CT and have homogeneous delayed enhancement. Although there is no characteristic imaging feature, a homogeneously enhancing renal mass that is both T2-hypointense and suppresses on chemical shift imaging should prompt consideration of an isoattenuating AML.
AML with epithelial cysts -These lesions are more common in women and contain very little fat. On imaging, solid-cystic lesion is seen where the solid component shows enhancement pattern similar to fat poor AML. The differentials to be considered are multilocular cystic RCC, multilocular cyst, cystic nephroma, and a mixed epithelial and stromal tumor (MEST). [56] Epithelioid AML -Epithelioid AMLis an extremely rare subtype of AML misdiagnosed as sarcomatoid or high grade RCC. Unlike all other AMLs, the epithelioid type is potentially malignant, aggressive and can metastasize. [57, 58] Radiologically, epithelioid AMLs typically present as large masses, solid-cystic or multicystic mass with intratumoral hemorrhage and necrosis.
AML in tuberous sclerosis and lymphangioleiomyomatosis -
AMLs are observed in 55-75% of patients with TSC; [59] most form by the third decade. AMLs in tuberous sclerosis typically present at a younger age, are multiple, larger, tend to bleed, and almost always bilateral [ Figure 21] . [59] AMLs in lymphangioleiomyomatosis are typically smaller, less frequently bilateral, and less prone to bleeding than those found in patients with tuberous sclerosis. [60] 
Renal Metastases
The kidney is a rare site of metastasis. The reported incidence of renal metastasis of extrarenal neoplasms varies 2-20%. [61, 62] Metastatic renal disease is seldom clinically identified because the symptoms of pain and hematuria occur in only 20% of patients. Excluding lymphoma, the most common primary tumor that metastasizes to the kidney is lung carcinoma. Metastases from a primary tumor treated previously may mimic renal tumors. On imaging, CT is the most accurate method to screen for secondary renal tumors. But the appearance of renal metastasis on CT may be mimicked by RCC, transitional cell carcinoma, pyelonephritis, or phlegmon. On imaging, metastases are commonly small, multicentric, and bilateral, but less than 2% of renal cell carcinomas may also display this imaging pattern [ Figures 22 and 23] . [62] 
Infiltrative Renal Cell Carcinoma and Transitional Cell Carcinoma
Radiologically, intrarenal transitional cell carcinoma (TCC) presents as a centrally invasive renal mass, also referred to as "centrally infiltrating" or "intrarenal" TCC. It was first described as a renal pelvic carcinoma in 1841 by French pathologist Rayer. [63] Intrarenal TCC is a close radiologic mimic of other infiltrative renal masses, especially centrally located RCC. Imaging differentiation ofthese two entities is difficult because management strategies differ. Centrally located RCC is surgically treated with nephrectomy, whereas intrarenal TCC requires nephroureterectomy and often wider lymphadenectomy. [64] On imaging, features suggestive of intrarenal TCC are filling defect in the renal pelvis, irregular, narrowed or amputated collecting system, circumferential urothelial thickening, tumor epicentre within the collecting system, renal shape preservation, absence of cystic or necrotic change, homogeneity of the tumor, and extension into the ureteropelvic junction [ Figures 24-26 ]. [65, 66] On MRI, TCC may be seen as an irregular, enhancing filling defect in the pelvicaliceal system or ureter. [6] 
Mesenchymal Neoplasms
Mesenchymal neoplasms in the kidneys can be benign or malignant. Benign mesenchymal neoplasms includeAML, leiomyoma, hemangioma, lymphangioma, juxtaglomerular cell tumor, medullary fibroma, lipoma, solitary fibrous tumor, and schwanomma. Malignant neoplasms are sarcomas (leiomyosarcoma, rhabdomyosarcoma, angiosarcoma, osteosarcoma, synovial sarcoma, fibrosarcoma), and malignant fibrous histiocytoma. [25, 67] Most characteristic imaging feature is of AML, which has been described separately. Other mesenchymal neoplasms are difficult to accurately diagnose on imaging preoperatively. However, certain imaging features such aspresence of fatty component (AML, lipoma), cystic component (lymhangioma), and calcified component (hemangioma, oseteosarcoma) may be a clue to the diagnosis [ Figures 27-30 ].
Mixed Mesenchymal and Epithelial Tumors
Cystic nephroma, mixed epithelial, and stromal tumor belong to this category of renal neoplasms. Multicystic nephroma (MCN) is a rare benign cystic lesion of the kidney. It has a bimodal age distribution, occurring in both infants and adult population. Although it has been described in neonates, MCN is more commonly seen in the age group of 2-4 years; with a male to female ratio is 3:1.
[ 68] In adults, it is seen in the 4-6 th decade and more common in females. Unilateral involvement is more common and the lower pole of kidney is affected usually. CT imaging features of MCN are multicystic architecture, noncommunicating cysts with well-defined margins, enhancing septae, and herniation into renal pelvis [ Figure 31 ]. Central or small peripheral curvilinear calcifications can occasionally be seen. [69] On MRI, imaging features include hypointense signal on T1-weighted sequences and hyperintense signal on T2-weighted sequences suggesting cystic nature. The most important differential diagnosis is multicystic RCC.
Renal Pseudotumors
Renal pseudotumors are lesions which mimic renal cell carcinoma. Such masses are composed of normal or [70]
Current Role of Renal Biopsy
At present, percutaneous pretreatment biopsy to identify benign vs. malignant in small solid renal masses (<4cm) is said to be reliable and cost effective. [71, 72] Long-held concerns preventing the incorporation of biopsies into routine patient care, including the perception of poor diagnostic yield and risks of complications such as bleeding or biopsy tract seeding, have largely been disproven. [73] A recent meta-analysis of 5228 biopsies identified less than 1% of patients with complications. [71] As more patients with renal masses are treated with thermal ablation, [74] establishing an upfront cancer diagnosis from renal tumor biopsy is exceptionally important. Biopsy should be performed before the day of treatment so that patients can use the biopsy findings to help make an informed decision prior to treatment. However, one should be aware of biopsy limitations. Pathology from renal mass biopsy may underestimate the nuclear grade or fail to identify aggressive pathologic features in renal cell cancer because 
Challenges in Diagnosis of Small Renal Masses
Most small renal masses are benign cysts but some are solid and/or cystic that can range from benign AMLs, adenomas, and oncocytomas to RCC. Of the small solid renal masses, only fat-containing AMLcan be confidently diagnosed. Solid renal masse especially less than 1.5 cm in diameter can be problematic and challenging due to varied imaging spectrum of various benign and malignant masses depending on the composition of the renal tumor.
Interdepartmental, clinical, and use of multimodality imaging sometimes can be helpful in difficult cases. Observation or watchful waiting is generally recommended for masses that are probably benign; a low probability of malignancy exists, hence, the mass can be observed with serial imaging.
Conclusion
It is not easy to differentiate small renal masses into benign vs. malignant when the imaging is not classical. Multidisciplinary approach is required which comes from experience and learning. The key teaching points of our experience has been highlighted in Table 4 .Identifying enhancement in small renal masses is of utmost importance and should be differentiated from pseudoenhancement. Furthermore, characterization of renal masses into benign, borderline, and malignant nature at an early stage can change the management and outcome. Small renal masses sized less than 2 cm are usually benign and if imaging features are indeterminate then depending upon the clinical presentation and demographic data, observation with serial imaging or percutaneous biopsy can be done.
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